The template activities of the 60-70S RNA complex and of the 30-40S subunit RNA species of Rous sarcoma virus were tested in a cell-free proteinsynthesizing system from mouse ascites Krebs II cells. Stimulation of protein synthesis over the endogenous background was about 2-fold with 30-40S viral RNA and about 1.3-fold with 60-70S viral RNA as template. Analysis by sodium dodecyl sulfate-gel electrophoresis showed that the predominant polypeptide synthesized in vitro in response to 30-40S RNA of Rous sarcoma virus had a molecular weight of 75,000-80,000. This polypeptide could be precipitated by antiserum against the group-specific antigens of the virus, although its molecular weight is higher than that of virion group-specific antigen proteins.
Because the 60-70S RNA of tumor viruses has not been shown to be infectious, and because viral replication is dependent on cellular DNA synthesis and additional cellular functions, it has not been determined whether the virion nucleic acid is in fact the viral genome (1) . However, indirect evidence suggests that the RNA contains viral genetic information. Certain avian sarcoma viruses induce both tumors and the synthesis of viral proteins in some mammalian hosts, although transformed cells do not produce virus (2) . This observation suggests that the viral RNA codes for these virion proteins. In addition, extensive correlations exist between structural features of tumor virus RNAs and biological properties of the virus, further suggestion of a genetic role for viral RNA (3) (4) (5) .
More directly, translational evidence has suggested that RNAs of avian and murine tumor viruses can function as mRNA for viral proteins in Escherichia coli cell-free systems (6) (7) (8) . Product analyses of proteins made under these conditions demonstrated that some of these electrophoresed along with structural proteins of the virion; had molecular weights of 10,000-45,000, the molecular weight range of the viral group-specific (gs)-proteins (7, 8) ; and were precipitable with antibody against the gs-antigen (6, 8) . Moreover, the synthesis of large polypeptides of 120,000 and 180,000 daltons Abbreviations: RSV, Rous sarcoma virus; gs-antigen, groupspecific antigen; NaDodSO4, sodium dodecyl sulfate; Hepes, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid.
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was observed in a murine cell-free system in response to 60-70S RNA of murine leukemia virus, but no further product analysis was reported (9) . None of these studies has described a biochemical analysis of the polypeptides synthesized in response to tumor virus RNA.
Because our own attempts to translate RNA of Rous sarcoma virus (RSV), both the 60-70S complex and its 30-40S subunit species (10), in an E. coli system have been inconclusive, we have investigated translation of viral RNA in a mammalian cell-free system prepared from mouse ascites cells (11) . The predominant product has a molecular weight of about 75,000-80,000 and was precipitated by antiserum against the gs-antigen of RSV. Peptide analysis of this protein indicated that it shares peptides with the proteins of the viral gs-antigen.
MATERIALS AND METHODS Materials
Cells and Viruses. Rous sarcoma virus (RSV) strain Prague (PR) of subgroup C was grown in C/O chick embryo fibroblasts and purified as described (10) . Viral RNA. RNA was extracted from purified RSV by the chloroform-phenol method (12) and centrifuged in a 10-25% sucrose gradient containing 0.1% sodium dodecyl sulfate (NaDodSO4) for 45 (20 Mg/ml) and 10 mM EDTA, pH 7.5, for 10 min at 370, boiled for 3 min in 2% NaDodSO4, 3% mercaptoethanol, 15 mM Tris * HCl (pH 6.8), and 10% glycerol, then subjected to electrophoresis (80 V, 30 mA, 3 hr) on a slab gel containing 12.5% or 15% acrylamide as described (15) . Gels were stained with Coomassie brilliant blue, destained, dried, and exposed to x-ray film for 1-4 days.
Tryptic Digest and Exchange Column. The high-molecularweight polypeptide made in vitro was cut out of the gel (see Fig. 1 ); the peptide was eluted (1 day at room temperature) from the gel with 0.1% NaDodSO4 in 0.1 M NaHCO3 buffer (pH 8.4) . It was then precipitated in the presence of 100 /g of bovine serum albumin carrier protein with 10% trichloroacetic acid to remove the NaDodSO4 and washed three times with ethanol-ether (1:1) and ether. The precipitate was taken up and kept for 1 hr at 40 in performic acid (1.9 ml of concentrated formic acid and 0.1 ml of H202 reacted for 1 hr at room temperature). Subsequently the solution was twice lyophilized and digested at 370 by two consecutive additions of 3 1g of trypsin (TPCK treated; Worthington, Inc.) in 50 mM NaHCO3 and lyophilized.
Preparation of virion gs-proteins with sedimentation coefficients of 1-2 S from Triton X-100 disrupted virus followed published procedures (13) . The viral gs-proteins were precipitated with trichloroacetic acid and digested as described for the polypeptides made in vitro. For exchange chromatography, the tryptic peptides were taken up in 0.2 ml of buffer A containing 280 ml of acetic acid and 3 ml of pyridine per liter of solution (pH 2.5), and applied to a cation exchange chromatography column (Chromobeads, Technicon) of 1 X 17-cm dimension. The column was eluted at 500 with an exponential gradient of 2 X 120 ml of buffer A and 1 X 120 ml of buffer B containing 189 ml of acetic acid and 108 ml of pyridine per liter of solution (pH 4.5), at a flow rate of 15 ml/ hr. Fractions of 3 ml were taken and the buffer was evaporated at 1000. The remaining peptides were taken up in 0.2 ml of 10 mM HCl and 2.5 ml of Aquasol (New England Nuclear) and their radioactivity was determined in a scintillation counter. Corrections were made for spillover of 14C into the 3H channel.
Immunoprecipitation. Fig.  1 ) which is not present in the control reaction carried out in a parallel experiment without viral RNA (Fig. lc) . The material appearing as a double band in Fig. lb chemical basis of the double band will have to await a preparative isolation of each component. In the reaction that contained 60-70S RSV RNA, only faint bands can be seen in the 75,000-80,000 molecular weight range (Fig. la) . In addition a slight nonspecific stimulation of endogenous protein synthesis was observed (see Fig. la and c and Table 1 ). In neither the 30-40S nor the 60-70S RNA-directed synthesis could [35SI-methionine-labeled polypeptides be detected in the molecular weight range of the virion gs-antigen peptides (10,000-30,000, marked gs in Fig. 1 ) which were not also found in the control experiment (compare Fig. la, b, and c) .
Immunoprecipitation. To test whether the protein synthesized in response to 30-40S RNA of RSV included virion structural proteins, it was subjected to indirect immunoprecipitation with rat antiserum against the gs-antigens of RSV. Rat antiserum was added to the cell-free reaction mixture, and after incubation, anti-immunoglobulin against rat antibody was added to insure complete precipitation (M11ate-rials and Methods). The immune precipitate was then washed and analyzed by NaDodSO4-polyacrylamide gel electrophoresis (Materials and Methods). The precipitate showed a band in the molecular weight range of 75,000-80,000 which could not be seen in a parallel immunoprecipitation of the endogenous reaction (Fig. 2) . However, the immunoprecipitate of the 30-40S RNA-stimulated and of the control reaction contained some radioactivity that may have been derived from nonspecifically precipitated radioactive material and that did not show distinct bands on the gel. We conclude The polypeptides of a reaction mixture in vitro were immunoprecipitated before electrophoresis (Materials and Methods). Protein markers were the same as those described for Fig. 1 except that the viral gs-protein of 11,000 daltons was also present in the gel.
that a protein of 75,000-80,000 daltons which is serologically related to the virion gs-antigen was made in vitro in response to 30-40S RNA of RSV. Tryptic Fingerprints. To determine more directly whether the 75,000-to 80,000-dalton protein synthesized in vitro in response to 30-40S RSV RNA shares common sequences with authentic virion gs-proteins, their tryptic fingerprint patterns were compared. The 75,000-to 80,000-dalton double band was cut out of a dried polyacrylamide slab gel (Fig.   lb) ; the protein was eluted and digested with trypsin (Mate- Fig. 3 shows a typical elution pattern of peptides synthesized in vivo and in vitro. Of 13 elution peaks obtained from the 75,000-to 80,000-dalton: protein, 11 peaks chromatographed with peptides of authentic virion gs-antigen. Two peaks (x and y, Fig. 3 ) had no direct counterparts in the digest of viral gs-antigen. The ratio of 35S/3H was not constant in all peaks, suggesting that relative concentrations of peptides in the 75,000-to 80,000-dalton protein synthesized in vitro and of peptides derived from virion gs proteins are not the same. This could be due to our use of a nonequimolar mixture of viral [3H ]gs-proteins to prepare tryptic peptides since (i) virion gs-proteins may not be assembled at equimolar ratios in the virus (10) , and since (ii) our procedure for isolation of viral gs-proteins (Materials and Methods) may have been selective for the predominant gs-protein species.
We conclude that the 75,000-to 80,000-dalton polypeptide made in our in vitro system shares tryptic peptides with the gs-antigens of the virion.
DISCUSSION
Our experiments indicate that 30-40S RNA of RSV is translated in a cell-free mouse ascites system, predominantly into a 75,000-to 80,000-dalton protein. On the basis of its reactivity with antiserum against gs-proteins and by its fingerprint pattern, this protein appears to be structurally related to authentic viral gs-proteins.
It would appear from our experiments and from the preliminary observations of Naso et al. (9) that large polypeptides are synthesized in cell-free mammalian systems in response to tumor virus RNA, whereas small (<45,000 daltons) polypeptides are made in the E. coli system (6) (7) (8) . We can only speculate on the basis of this difference. It is conceivable, for example, that under our conditions translation of 30-40S RNA closely resembles translation in infected cells. In virusinfected cells a 76,000-dalton precursor protein was detected which is subsequently cleaved into gs-proteins of 11,000-24,000 daltons (15, 16) . Our 75,000-to 80,000-dalton polypeptide made in vitro is similar to this natural precursor because the two proteins have approximately the same molecular weight and have a similar tryptic peptide composition if analyzed by cation exchange chromatography (unpublished observation). By contrast, translation in the E. coli system may involve different mechanisms of initiation and chain termination and may, therefore, lead to peptides of the same or similar sizes as those of authentic virion gs-antigens.
The extent of sequence homology between the protein made in vitro and viral gs-proteins cannot be fully determined from these experiments, because only about 13 peaks, which correspond to at least 13 tryptic peptides, were resolved (Fig.  3) . A protein of 75,000-80,000 daltons may be expected to yield as many as 75 to 80 tryptic peptides. However, many of these peptides may lack methionine (14) and would, therefore, not be detected in our system. Further work using other radioactive amino acids than methionine to label viral peptides will be required to determine the extent of sequence homology between our protein made in vitro and viral gsantigens.
The notion that the 30-40S subunit species of 60-70S RNA of RSV is a better template for protein synthesis than the 60-70S RNA complex of RSV is compatible with preliminary observations by others (7) . It is also consistent with earlier observations that only 30-40S and not 60-70S RNA of RSV exists and presumably functions as mRNA in the cytoplasm of infected cells (17) (18) (19) (20) (21) and that virus harvested at very short intervals from infected cells contains only 30-40S RNA and little or no 60-70S RNA (22) . Thus it appears that the 30-40S subunit species rather than the 60-70S complex of RSV RNA functions as a template for translation. Several reasons may account for the relatively low activity of the 60-70S RNA complex of RSV in stimulating protein synthesis: (i) 60-70S RNA contains partially double-stranded regions (23) , which may directly inhibit protein synthesis in our system (24); (ii) 60-70S RNA has a complex superstructure consisting of at least two 30-40S RNA -subunits linked at several sites in a network-type structure (25) . This structure may interfere with binding and movement of ribosomes.
Given a complexity of about 3.5 X 106 daltons for RSV RNA (26) (27) (28) , the 75,000-to 80,000-dalton polypeptide synthesized in our system represents about one-third of the potential genetic information of RSV RNA. As yet no further virusspecific polypeptides have been detected by electrophoretic analysis of our protein synthesized in vitro that were not also present in the control reaction. Nevertheless it is conceivable that other products are made in vitro that contain no, or very little, methionine and thus would not have been detected. Further, it may be possible that under different ionic conditions, or in other cell free systems, different sequences of viral RNA become available for translation.
It will be interesting to test whether the RNAs of viruses with different genetic properties, such as replication-or transformation-defectiveness, also direct the synthesis of different polypeptides in in vitro systems.
